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INHIBITORS OF HISTONE DEACETYLASE 

Matter enclosed in heavy brackets [ ] appears in the origi 
nal patent but forms no part of the ?rst and this reissue 
speci?cation; matter printed in italics indicates the addi 
tions made by the ?rst reissue. Matter enclosed in double 
heavy brackets appears in the ?rst reissue patent 
but forms no part of this reissue speci?cation; matter 
printed in bold face indicates the additions made by this 
reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority from US. Provisional 
Patent Application Ser. No. 60/167,035, ?led on Nov. 23, 
1999. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the inhibition of histone deacety 

lase. More particularly, the invention relates to compounds 
and methods for inhibiting histone deacetylase enzymatic 
activity. 

2. Summary of the Related Art 
In eukaryotic cells, nuclear DNA associates with histones 

to form a compact complex called chromatin. The histones 
constitute a family of basic proteins which are generally 
highly conserved across eukaryotic species. The core his 
tones, termed H2A, H2B, H3, and H4, associate to form a 
protein core. DNA winds around this protein core, with the 
basic amino acids of the histones interacting with the nega 
tively charged phosphate groups of the DNA. Approximately 
146 base pairs of DNA wrap around a histone core to make up 
a nucleosome particle, the repeating structural motif of chro 
matin. 

Csordas, Biochem. 1., 286: 23-38 (1990) teaches that his 
tones are subject to posttranslational acetylation of the 
e-amino groups of N-terminal lysine residues, a reaction that 
is catalyzed by histone acetyl transferase (HAT1). Acetyla 
tion neutralizes the positive charge of the lysine side chain, 
and is thought to impact chromatin structure. Indeed, Taunton 
et al., Science, 272: 408-411 (1996), teaches that access of 
transcription factors to chromatin templates is enhanced by 
histone hyperacetylation. Taunton et al. further teaches that 
an enrichment in underacetylated histone H4 has been found 
in transcriptionally silent regions of the genome. 

Histone acetylation is a reversible modi?cation, with 
deacetylation being catalyzed by a family of enzymes termed 
histone deacetylases (HDACs). Grozinger et al., Proc. Natl. 
Acad. Sci. USA, 96: 4868-4873 (1999), teaches that HDACs 
may be divided into two classes, the ?rst represented by yeast 
Rpd3-like proteins, and the second represented by yeast 
Hdal-like proteins. Grozinger et al. also teaches that the 
human HDAC1, HDAC2, and HDAC3 proteins are members 
of the ?rst class of HDACs, and discloses new proteins, 
named HDAC4, HDAC5, and HDAC6, which are members of 
the second class of HDACs. Kao et al., Genes & Dev., 14: 
55-66 (2000), discloses HDAC7, a new member of the second 
class of HDACs.Van denWyngaert, FEBS, 478: 77-83 (2000) 
discloses HDAC8, a new member of the ?rst class of HDACs. 

Richon et al., Proc. Natl. Acad. Sci. USA, 95: 3003-3007 
(1998), discloses that HDAC activity is inhibited by trichos 
tatin A (TSA), a natural product isolated from Streptomyces 
hygroscopicus, and by a synthetic compound, suberoylanil 
ide hydroxamic acid (SAHA). Yoshida and Beppu, Exper. 
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2 
Cell Res., 177: 122-131 (1988), teaches that TSA causes 
arrest of rat ?broblasts at the G1 and G2 phases of the cell 
cycle, implicating HDAC in cell cycle regulation. Indeed, 
Finnin et al., Nature, 401: 188-193 (1999), teaches that TSA 
and SAHA inhibit cell growth, induce terminal differentia 
tion, and prevent the formation of tumors in mice. 

These ?ndings suggest that inhibition of HDAC activity 
represents a novel approach for intervening in cell cycle regu 
lation and that HDAC inhibitors have great therapeutic poten 
tial in the treatment of cell proliferative diseases or condi 
tions. To date, only a few inhibitors of histone deacetylase are 
known in the art. There is thus a need to identify additional 
HDAC inhibitors and to identify the structural features 
required for potent HDAC inhibitory activity. 

BRIEF SUMMARY OF THE INVENTION 

The invention provides compounds and methods for treat 
ing cell proliferative diseases. In particular, the invention 
provides new inhibitors of histone deacetylase enzymatic 
activity. 

In a ?rst aspect, therefore, the invention provides novel 
inhibitors of histone deacetylase. In one embodiment, the 
novel inhibitors of histone deacetylase are represented by 
formula (1): 

CyiL1iAriY14C(O)iNHiZ (1) 

wherein 
Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 

which may be optionally substituted; 
L1 is (CH2)miWi, where m is 0, 1, 2, 3, or 4, and W is 

selected from the group consisting of %(O)NH-, 
iS(O)2NHi, iNHC(O)i, iNHS(O)2i, and 
iNHiC(O)iNHi; 

Ar is arylene, wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
which may be optionally substituted; 

Y1 is a chemical bond or a straight- or branched-chain 
saturated alkylene, wherein said alkylene may be 
optionally substituted; and 

Z is selected from the group consisting of anilinyl, pyridyl, 
thiadiazolyl, and 4OiM, M being H or a pharmaceu 
tically acceptable cation; 

provided that when L1 is 4C(O)NHi,Y1 is i(CH2)ni, 
n being 1, 2, or 3, and Z is 4OiM, then Cy is not 
aminophenyl, dimethylaminophenyl, or hydroxyphe 
nyl; and further provided that when L1 is iC(O)NHi 
and Z is pyridyl, then Cy is not substituted indolinyl. 

In a second embodiment, the novel inhibitors of histone 
deacetylase are represented by formula (2): 

CyiL2iAriY24C(O)NHiZ (2) 

wherein 
Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 

which may be optionally substituted, provided that Cy is 
not a (spirocycloalkyl)heterocyclyl; 

L2 is Cl-C6 saturated alkylene or C2-C6 alkenylene, 
wherein the alkylene or alkenylene optionally may be 
substituted, provided that L2 is not iC(O)i, and 
wherein one of the carbon atoms of the alkylene option 
ally may be replaced by a heteroatom moiety selected 
from the group consisting of 0; NR', R' being alkyl, acyl, 
or hydrogen; S; S(O); or S(O)2; 

Ar is arylene, wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
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an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
Which may be optionally substituted; and 

Y2 is a chemical bond or a straight- or branched-chain 
saturated alkylene, Which may be optionally substituted, 
provided that the alkylene is not substituted With a sub 
stituent of the formula iC(O)R Wherein R comprises an 
ot-amino acyl moiety; and 

Z is selected from the group consisting of anilinyl, pyridyl, 
thiadiaZolyl, and 4OiM, M being H or a pharmaceu 
tically acceptable cation; 

provided that When the carbon atom to Which Cy is 
attached is oxo substituted, then Cy and Z are not both 
pyridyl. 

In a third embodiment, the novel inhibitors of histone 
deacetylase are represented by formula (3): 

Wherein 

Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 
Which may be optionally substituted, provided that Cy is 
not a (spirocycloalkyl)heterocyclyl; 

L3 is selected from the group consisting of 

(a) i(CH2)miWi, Where m is 0, l, 2, 3, or 4, and W 
is selected from the group consisting of 4C(O) 
NHi, iS(O)2NHi, iNHC(O)i, iNHS(O)2i, 
and iNHiC(O)iNHi; and 

(b) C l-C6 alkylene or C2-C6 alkenylene, Wherein the 
alkylene or alkenylene optionally may be substituted, 
provided that L3 is not %(O)i, and Wherein one of 
the carbon atoms of the alkylene optionally may be 
replaced by O; NR', R' being alkyl, acyl, or hydrogen; 
S; (3(0); Or S(0)2; 

Ar is arylene, Wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
Which may be optionally substituted; and 

Y3 is C2 alkenylene or C2 alkynylene, Wherein one or both 
carbon atoms of the alkenylene optionally may be sub 
stituted With alkyl, aryl, alkaryl, or aralkyl; and 

Z is selected from the group consisting of anilinyl, pyridyl, 
thiadiaZolyl, and 4OiM, M being H or a pharmaceu 
tically acceptable cation; 

provided that When Cy is unsubstituted phenyl, Ar is not 
phenyl Wherein L3 and Y3 are oriented ortho or meta to 
each other. 

In a fourth embodiment, the novel histone deacetylase 
inhibitor is selected from the group represented by formulae 

OH. 
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% g 
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||\N H 

(6) 

O 

Q NH \ 2 
N 

H H % / g 

O 

In a second aspect, the invention provides a pharmaceutical 
composition comprising an inhibitor of histone deacetylase 
represented by any one of formulae (1 )-(6) and a pharmaceu 
tically acceptable carrier, excipient, or diluent. 

In a third aspect, the invention provides methods for inhib 
iting histone deacetylase in a cell, comprising contacting a 
cell in Which inhibition of histone deacetylase is desired With 
an inhibitor of histone deacetylase. In a ?rst embodiment 
according to this aspect of the invention, the inhibitor of 
histone deacetylase is represented by formula (1): 

CyiL1iAriY14C(O)iNHiZ (1) 

Wherein 
Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 

Which may be optionally substituted; 
L1 is i(CH2)miWi, Where m is 0, l, 2, 3, or 4, and W is 

selected from the group consisting of 4C(O)NHi, 
iS(O)2NHi, iNHC(O)i, iNHS(O)2i, and 
iNHiC(O)iNHi; 

Ar is arylene, Wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
Which may be optionally substituted; 

Y1 is a chemical bond or a straight- or branched-chain 
saturated alkylene, Wherein said alkylene may be 
optionally substituted; and 

Z is selected from the group consisting of anilinyl, pyridyl, 
2-thioXo-l,3,4-thiadiaZol-2-yl, and iOiM, M being 
H or a pharmaceutically acceptable cation; 

provided that When L1 is 4C(O)NHi, Y is i(CH2)ni, n 
being 1, 2, or 3, and Z is 4OiM, then Cy is not 
aminophenyl, dimethylaminophenyl, or hydroxyphe 
nyl. 

In a second embodiment according to this aspect of the 
invention, the inhibitor of histone deacetylase is represented 
by formula (2) 

CyiL2iAriY24C(O)NHiZ (2) 

Wherein 
Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 

Which may be optionally substituted; 
L2 is C l-C6 saturated alkylene or C2-C6 alkenylene, either 

of Which may be optionally substituted; 
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Ar is arylene, wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
Which may be optionally substituted; and 

Y2 is a chemical bond or a straight- or branched-chain 
saturated alkylene, Which may be optionally substituted, 
provided that the alkylene is not substituted With a sub 
stituent of the formula iC(O)R Wherein R comprises an 
ot-amino acyl moiety; and 

Z is selected from the group consisting of anilinyl, pyridyl, 
2-thioXo-l,3,4-thiadiaZol-2-yl, and iOiM, M being 
H or a pharmaceutically acceptable cation. 

In a third embodiment according to this aspect of the inven 
tion, the inhibitor of histone deacetylase is represented by 
formula (3): 

Wherein 

Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 
Which may be optionally substituted, provided that Cy is 
not a (spirocycloalkyl)heterocyclyl; 

L3 is selected from the group consisting of 

(a) i(CH2)miWi, Where m is 0, l, 2, 3, or 4, and W 
is selected from the group consisting of 4C(O) 
NHi, iS(O)2NHi, iNHC(O)i, iNHS(O)2i, 
and iNHiC(O)iNHi; and 

(b) C l-C6 alkylene or C2-C6 alkenylene, Wherein the 
alkylene or alkenylene optionally may be substituted, 
provided that L3 is not %(O)i, and Wherein one of 
the carbon atoms of the alkylene optionally may be 
replaced by O; NR', R' being alkyl, acyl, or hydrogen; 
S; S(O); Or S(O)2; 

Ar is arylene, Wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
Which may be optionally substituted; and 

Y3 is C2 alkenylene or C2 alkynylene, Wherein one or both 
carbon atoms of the alkenylene optionally may be sub 
stituted With alkyl, aryl, alkaryl, or aralkyl; and 

Z is selected from the group consisting of anilinyl, pyridyl, 
thiadiaZolyl, and 4OiM, M being H or a pharmaceu 
tically acceptable cation; 

provided that When Cy is unsubstituted phenyl, Ar is not 
phenyl Wherein L3 and Y3 are oriented ortho or meta to 
each other. 

In a fourth embodiment according to this aspect of the 
invention, the novel histone deacetylase inhibitor is selected 
from the group represented by formulae (4)-(6): 

(4) 

OH. 
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6 
-continued 

(5) 

O 

\ 
% g 

(I? NHZ 
S 

||\N H 

(6) 

O 

Q NH \ 2 
N 

H H % / R 

O 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention provides compounds and methods for inhib 
iting histone deacetylase enZymatic activity. The invention 
also provides compositions and methods for treating cell 
proliferative diseases and conditions. The patent and scien 
ti?c literature referred to herein establishes knoWledge that is 
available to those With skill in the art. The issued patents, 
applications, and references that are cited herein are hereby 
incorporated by reference to the same extent as if each Was 
speci?cally and individually indicated to be incorporated by 
reference. In the case of inconsistencies, the present disclo 
sure Will prevail. 

For purposes of the present invention, the folloWing de? 
nitions Will be used: 
As used herein, the terms “histone deacetylase” and 

“HDAC” are intended to refer to any one of a family of 
enZymes that remove acetyl groups from the e-amino groups 
of lysine residues at the N-terminus of a histone. Unless 
otherWise indicated by context, the term “histone” is meant to 
refer to any histone protein, including Hl, H2A, H2B, H3, 
H4, and H5, from any species. Preferred histone deacetylases 
include class I and class II enZymes. Preferably the histone 
deacetylase is a human HDAC, including, but not limited to, 
HDAC-l, HDAC-2, HDAC-3, HDAC-4, HDAC-5, HDAC-6, 
HDAC-7, and HDAC-8. In some other preferred embodi 
ments, the histone deacetylase is derived from a protoZoal or 
fungal source. 
The term “histone deacetylase inhibitor” or “inhibitor of 

histone deacetylase” is used to identify a compound having a 
structure as de?ned herein, Which is capable of interacting 
With a histone deacetylase and inhibiting its enZymatic activ 
ity. Inhibiting histone deacetylase enZymatic activity means 
reducing the ability of a histone deacetylase to remove an 
acetyl group from a histone. In some preferred embodiments, 
such reduction of histone deacetylase activity is at least about 
50%, more preferably at least about 75%, and still more 
preferably at least about 90%. In other preferred embodi 
ments, histone deacetylase activity is reduced by at least 95% 
and more preferably by at least 99%. 

Preferably, such inhibition is speci?c, i.e., the histone 
deacetylase inhibitor reduces the ability of a histone deacety 
lase to remove an acetyl group from a histone at a concentra 
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tion that is lower than the concentration of the inhibitor that is 
required to produce another, unrelated biological effect. Pref 
erably, the concentration of the inhibitor required for histone 
deacetylase inhibitory activity is at least 2-fold loWer, more 
preferably at least 5-fold loWer, even more preferably at least 
lO-fold loWer, and mo st preferably at least 20-fold loWer than 
the concentration required to produce an unrelated biological 
effect. 

The term “alkyl” as employed herein refers to straight and 
branched chain aliphatic groups having from 1 to 12 carbon 
atoms, preferably l-8 carbon atoms, and more preferably l-6 
carbon atoms, Which may be optionally substituted With one, 
tWo or three substituents. Unless otherWise apparent from 
context, the term “alkyl” is meant to include saturated, unsat 
urated, and partially unsaturated aliphatic groups. When 
unsaturated groups are particularly intended, the terms “alk 
enyl” or “alkynyl” Will be used. When only saturated groups 
are intended, the term “saturated alkyl” Will be used. Pre 
ferred saturated alkyl groups include, Without limitation, 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, 
tert-butyl, pentyl, and hexyl. 
An “alkylene” group is an alkyl group, as de?ned herein 

above, that is positioned betWeen and serves to connect tWo 
other chemical groups. Preferred alkylene groups include, 
Without limitation, methylene, ethylene, propylene, and buty 
lene. 

The term “cycloalkyl” as employed herein includes satu 
rated and partially unsaturated cyclic hydrocarbon groups 
having 3 to 12 carbons, preferably 3 to 8 carbons, and more 
preferably 3 to 6 carbons, Wherein the cycloalkyl group addi 
tionally may be optionally substituted. Preferred cycloalkyl 
groups include, Without limitation, cyclopropyl, cyclobutyl, 
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cyclo 
heptyl, and cyclooctyl. 
An “aryl” group is a C6-Cl4 aromatic moiety comprising 

one to three aromatic rings, Which may be optionally substi 
tuted. Preferably, the aryl group is a C6-C1O aryl group. Pre 
ferred aryl groups include, Without limitation, phenyl, naph 
thyl, anthracenyl, and ?uorenyl. An “aralkyl” or “arylalkyl” 
group comprises an aryl group covalently linked to an alkyl 
group, either of Which may independently be optionally sub 
stituted or unsubstituted. Preferably, the aralkyl group is (Cl - 
C6)alk(C6-Clo)aryl, including, Without limitation, benZyl, 
phenethyl, and naphthylmethyl. An “alkaryl” or “alkylaryl” 
group is an aryl group having one or more alkyl substituents. 
Examples of alkaryl groups include, Without limitation, tolyl, 
xylyl, mesityl, ethylphenyl, tertbutylphenyl, and methyl 
naphthyl. 
An “arylene” group is an aryl group, as de?ned herein 

above, that is positioned betWeen and serves to connect tWo 
other chemical groups. Preferred arylene groups include, 
Without limitation, phenylene and naphthylene. The term 
“arylene” is also meant to include heteroaryl bridging groups, 
including, but not limited to, benZothienyl, benZofuryl, 
quinolyl, isoquinolyl, and indolyl. 
A “heterocyclyl” or “heterocyclic” group is a ring structure 

having from about 3 to about 8 atoms, Wherein one or more 
atoms are selected from the group consisting of N, O, and S. 
The heterocyclic group may be optionally substituted on car 
bon at one or more positions. The heterocyclic group may also 
independently be substituted on nitrogen With alkyl, aryl, 
aralkyl, alkylcarbonyl, alkylsulfonyl, arylcarbonyl, arylsulfo 
nyl, alkoxycarbonyl, aralkoxycarbonyl, or on sulfur With oxo 
or loWer alkyl. Preferred heterocyclic groups include, Without 
limitation, epoxy, aZiridinyl, tetrahydrofuranyl, pyrrolidinyl, 
piperidinyl, piperaZinyl, thiaZolidinyl, oxaZolidinyl, oxaZoli 
dinonyl, and morpholino. In certain preferred embodiments, 
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8 
the heterocyclic group is fused to an aryl or heteroaryl group. 
Examples of such fused heterocycles include, Without limi 
tation, tetrahydroquinoline and dihydrobenZofuran. 
As used herein, the term “heteroaryl” refers to groups 

having 5 to 14 ring atoms, preferably 5, 6, 9, or 10 ring atoms; 
having 6, 10, or 1475 electrons shared in a cyclic array; and 
having, in addition to carbon atoms, betWeen one and about 
three heteroatoms selected from the group consisting of N, O, 
and S. Preferred heteroaryl groups include, Without limita 
tion, thienyl, benZothienyl, furyl, benZofuryl, dibenZofuryl, 
pyrrolyl, imidaZolyl, pyraZolyl, pyridyl, pyraZinyl, pyrimidi 
nyl, indolyl, quinolyl, isoquinolyl, quinoxalinyl, tetraZolyl, 
oxaZolyl, thiaZolyl, and isoxaZolyl. 
As employed herein, a “substituted” alkyl, cycloalkyl, aryl, 

heteroaryl, or heterocyclic group is one having betWeen one 
and about four, preferably betWeen one and about three, more 
preferably one or tWo, non-hydrogen substituents. Suitable 
substituents include, Without limitation, halo, hydroxy, nitro, 
haloalkyl, alkyl, alkaryl, aryl, aralkyl, alkoxy, aryloxy, amino, 
acylamino, alkylcarbamoyl, arylcarbamoyl, aminoalkyl, 
alkoxycarbonyl, carboxy, hydroxyalkyl, alkanesulfonyl, are 
nesulfonyl, alkanesulfonamido, arenesulfonamido, aralkyl 
sulfonamido, alkylcarbonyl, acyloxy, cyano, and ureido 
groups. 
The term “halogen” or “halo” as employed herein refers to 

chlorine, bromine, ?uorine, or iodine. 
As herein employed, the term “acyl” refers to an alkylcar 

bonyl or arylcarbonyl substituent. 
The term “acylamino” refers to an amide group attached at 

the nitrogen atom. The term “carbamoyl” refers to an amide 
group attached at the carbonyl carbon atom. The nitrogen 
atom of an acylamino or carbamoyl substituent may be addi 
tionally substituted. The term “sulfonamido” refers to a sul 
fonamide substituent attached by either the sulfur or the nitro 
gen atom. The term “amino” is meant to include NH2, 
alkylamino, arylamino, and cyclic amino groups. 
The term “ureido” as employed herein refers to a substi 

tuted or unsubstituted urea moiety. 

Compounds 

In a ?rst aspect, the invention provides novel inhibitors of 
histone deacetylase. In a ?rst embodiment, the novel inhibi 
tors of histone deacetylase are represented by formula (1): 

cyiLliAriviqmiNHiz (1) 

Wherein 
Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 

Which may be optionally substituted; 
L1 is i(CH2)miWi, Where m is 0, l, 2, 3, or 4, and W is 

selected from the group consisting of 4C(O)NHi, 
iS(O)2NHi, iNHC(O)i, iNHS(O)2i, and 
iNHiC(O)iNHi; 

Ar is arylene, Wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
Which may be optionally substituted; 

Y1 is a chemical bond or a straight- or branched-chain 
saturated alkylene, Wherein said alkylene may be 
optionally substituted; and 

Z is selected from the group consisting of anilinyl, pyridyl, 
thiadiaZolyl, and 4OiM, M being H or a pharmaceu 
tically acceptable cation; 

provided that When L1 is 4C(O)NHi, Y is i(CH2)ni, n 
being 1, 2, or 3, and Z is 4OiM, then Cy is not 
aminophenyl, dimethylaminophenyl, or hydroxyphe 
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nyl; and further provided that When L1 is 4C(O)NHi 
and Z is pyridyl, then Cy is not substituted indolinyl. 

In certain preferred embodiments, Cy is C6-Cl4 aryl, more 
preferably C6-C 1O aryl, and most preferably phenyl or naph 
thyl, any of Which may be optionally substituted. In certain 
other preferred embodiments, Cy is heteroaryl. In some pre 
ferred embodiments, the heteroaryl group is selected from the 
group consisting of thienyl, benZothienyl, furyl, benZofuryl, 
quinolyl, isoquinolyl, and thiaZolyl, any of Which may be 
optionally substituted. In certain particularly preferred 
embodiments, Cy is selected from the group consisting of 
phenyl, naphthyl, thienyl, benZothienyl, and quinolyl, any of 
Which may be optionally substituted. 

L1 is i(CH2)miWi, Where m is 0, l, 2, 3, or 4, and W is 
selected from the group consisting of iC(O)NHi, iS(O)2 
NHi, iNHC(O)i, iNHS(O)2i, and iNHiC(O)i 
NHi. Preferably, m is 0, l, or 2, more preferably 0 or 1. 

Preferably, Ar is C6-Cl4 arylene, more preferably C6-Cl0 
arylene, any of Which may be additionally substituted. In 
certain preferred embodiments, Ar is phenylene, preferably 
4-phenylene. In some preferred embodiments, the phenylene 
is fused to an aryl or heteroaryl ring, or to a saturated or 
partially unsaturated cycloalkyl or heterocyclic ring, any of 
Which groups also may be optionally substituted. 

Y1 is a chemical bond or is a straight- or branched-chain 
alkylene, Which may be optionally substituted. In some pre 
ferred embodiments, Y1 is a chemical bond, and the group 
iC(O)NHiZ is directly attached to Ar. In some other pre 
ferred embodiments, Y1 is alkylene, preferably saturated 
alkylene. Preferably, the saturated alkylene is C 1 -C8 alkylene, 
more preferably Cl-C6 alkylene, still more preferably C l-C3 
alkylene, and yet still more preferably C 1 -C2 alkylene, any of 
Which may be optionally substituted. In some particularly 
preferred embodiments, Y1 is methylene. 

Substituted alkyl, aryl, heterocyclyl, or heteroaryl groups 
have one or more, preferably betWeen one and about three, 
more preferably one or tWo sub stituents, Which are preferably 
selected from the group consisting of C l-C6 alkyl, preferably 
Cl-C4 alkyl; halo, preferably Cl, Br, or F; haloalkyl, prefer 
ably (halo) l_5(C l-C6)alkyl, more preferably (halo) l_5 (C l-C3) 
alkyl, and most preferably CF3; Cl-C6 alkoxy, preferably 
methoxy, ethoxy, or benZyloXy; C6-Cl0 aryloxy, preferably 
phenoxy; Cl-C6 alkoxycarbonyl, preferably Cl-C3 alkoxy 
carbonyl, most preferably carbomethoxy or carboethoxy; 
C6-Cl0 aryl, preferably phenyl; (C6-ClO)ar(Cl-C6)alkyl, 
preferably (C6-ClO)ar(C1-C3)alkyl, more preferably benZyl, 
naphthylmethyl or phenethyl; hydroxy(Cl-C6)alkyl, prefer 
ably hydroxy(Cl-C3)alkyl, more preferably hydroxymethyl; 
amino(Cl-C6)alkyl, preferably amino(Cl-C3)alkyl, more 
preferably aminomethyl; (C l-C6)alkylamino, preferably 
methylamino, ethylamino, or propylamino; di-(Cl-C6)alky 
lamino, preferably dimethylamino or diethylamino; (C 1-C6) 
alkylcarbamoyl, preferably methylcarbamoyl, dimethylcar 
bamoyl, or benZylcarbamoyl; (C6-Clo)arylcarbamoyl, 
preferably phenylcarbamoyl; (C 1 -C6)alkaneacylamino, pref 
erably acetylamino; (C6-Clo)areneacylamino, preferably 
benZoylamino; (Cl-C6)alkanesulfonyl, preferably methane 
sulfonyl; (C1-C6)alkanesulfonamido, preferably methane 
sulfonamido; (C6-Clo)arenesulfonyl, preferably benZene 
sulfonyl or toluenesulfonyl; (C6-C1O)arenesulfonamido, 
preferably benZenesulfonyl or toluenesulfonyl; (C6-Clo)ar 
(C 1 -C6)alkylsulfonamido, preferably benZylsulfonamido; 
Cl-C6 alkylcarbonyl, preferably Cl-C3 alkylcarbonyl, more 
preferably acetyl; (Cl-C6)acyloxy, preferably acetoxy; 
cyano; amino; carboxy; hydroxy; ureido; and nitro. One or 
more carbon atoms of an alkyl, cycloalkyl, or heterocyclyl 
group may also be optionally substituted With an oxo group. 
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10 
In some particularly preferred embodiments, Cy is a phe 

nyl, naphthyl, thienyl, benZothienyl, or quinolyl moiety 
Which is unsubstituted or is substituted by one or tWo sub 
stituents independently selected from the group consisting of 
Cl-C4 alkyl, Cl-C4 haloalkyl, C6-Cl0 aryl,(C6-C1O)ar(C1-C6) 
alkyl, halo, nitro, hydroxy, Cl-C6 alkoxy, Cl-C6 alkoxycar 
bonyl, carboxy, and amino. 

In some preferred embodiments, Z is anilinyl or pyridyl, 
preferably 2-anilinyl or 2-pyridyl. In some other preferred 
embodiments, Z is thiadiaZolyl, preferably 1,3,4-thiadiazol 
2-yl, and more preferably a 5-substituted-l,3,4-thiadiaZol2 
yl. The thiadiaZolyl is preferably substituted With a substitu 
ent selected from the group consisting of thiol, 
tri?uoromethyl, amino, and sulfonamido. 

In still other preferred embodiments, Z is 4OiM, 
Wherein M is hydrogen or any pharmaceutically acceptable 
cation. Examples of pharmaceutically acceptable cations 
include, Without limitation, sodium, potassium, magnesium, 
and calcium. 

In a second embodiment, the invention provides novel 
inhibitors of histone deacetylase represented by formula (2): 

CyiL2iAriY24C(O)NHiZ (2) 

Wherein 
Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 

Which may be optionally substituted, provided that Cy is 
not a (spirocycloalkyl)heterocyclyl; 

L2 is Cl-C6 saturated alkylene or C2-C6 alkenylene, 
Wherein the alkylene or alkenylene optionally may be 
substituted, provided that L2 is not iC(O)i, and 
Wherein one of the carbon atoms of the alkylene option 
ally may be replaced by a heteroatom moiety selected 
from the group consisting of 0; NR‘, R' being alkyl, acyl, 
or hydrogen; S; S(O); or S(O)2; 

Ar is arylene, Wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
Which may be optionally substituted; and 

Y2 is a chemical bond or a straight- or branched-chain 
saturated alkylene, Which may be optionally substituted, 
provided that the alkylene is not substituted With a sub 
stituent of the formula iC(O)R Wherein R comprises an 
ot-amino acyl moiety; and 

Z is selected from the group consisting of anilinyl, pyridyl, 
thiadiaZolyl, and 4OiM, M being H or a pharmaceu 
tically acceptable cation; 

provided that When the carbon atom to Which Cy is 
attached is oxo substituted, then Cy and Z are not both 
pyridyl. 

Preferred substituents Cy, Ar, and Z according to this 
aspect of the invention are as de?ned above for the ?rst 
embodiment. Preferred substituents Y2 are as de?ned above 
forYl. In some preferred embodiments, L2 is saturated C l-C8 
alkylene, more preferably Cl-C6 alkylene, still more prefer 
ably C l-C4 alkylene, any of Which groups may be optionally 
substituted. In some other preferred embodiments, L2 is 
C2-C8 alkenylene, more preferably C2-C6 alkenylene, and 
still more preferably C2-C8 alkenylene, any of Which groups 
may be optionally substituted. The alkylene or alkenylene 
group may be substituted at one or more carbon positions With 
a substituent preferably selected from the list of preferred 
substituents recited above. More preferably, L2 is substituted 
at one or tWo positions With a substituent independently 
selected from the group consisting of C3-C6 alkyl, C6-Cl0 
aryl, amino, oxo, hydroxy, C 1 -C4 alkoxy, and C6-C 1O aryloxy. 
In some particularly preferred embodiments, the alkylene or 
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alkenylene group is substituted With one or tWo oxo or 

hydroxy groups. However, L2 preferably is not iC(O)i, 
and When the carbon atom to Which Cy is attached is oxo 
substituted, Cy and Z preferably are not both pyridyl. 

In some preferred embodiments, L1 is Cl-C6 saturated 5 
alkylene, Wherein on of the carbon atoms of the saturated 
alkylene is replaced by a heteroatom moiety selected from the 
group consisting of 0; NR‘, R' being alkyl, acyl, or hydrogen; 
S; S(O); or S(O)2. Preferably, the carbon atom adjacent to Cy 
is replaced by a heteroatom moiety. In some particularly 
preferred embodiments, L1 is selected from the group con 
sisting of iSi(CH2)2i, iS(O)i(CH2)2i, iS(O)2i 
(CH2)2*> *S*(CH2)3*: *S(O)*(CH2)3*> and 
*S(O)2*(CH2)3* 

In a third embodiment, the invention provides novel inhibi 
tors of histone deacetylase represented by formula (3): 

Wherein 
Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 
Which may be optionally substituted, provided that Cy is 
not a (spirocycloalkyl)heterocyclyl; 

L3 is selected from the group consisting of 
(a) i(CH2)miWi, Where m is 0, l, 2, 3, or 4, and W 

is selected from the group consisting of C(O)NHi, 
iS(O)2NHi, iNHC(O)i, iNHS(O)2i, and 
iNH4C(O)iNHi; and 

(b) C l-C6 alkylene or C2-C6 alkenylene, Wherein the 
alkylene or alkenylene optionally may be substituted, 
provided that L3 is not 4C(O)i, and Wherein one of 
the carbon atoms of the alkylene optionally may be 
replaced by 0; NR‘, R' being alkyl, acyl, or hydrogen; 
S; S(O); Or S(O)2; 

Ar is arylene, Wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
Which may be optionally substituted; and 

Y3 is C2 alkenylene or C2 alkynylene, Wherein one or both 
carbon atoms of the alkenylene optionally may be sub 
stituted With alkyl, aryl, alkaryl, or aralkyl; and 
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Z is selected from the group consisting of anilinyl, pyridyl, 

thiadiaZolyl, and 4OiM, M being H or a pharmaceu 
tically acceptable cation; 

provided that When Cy is unsubstituted phenyl, Ar is not 
phenyl Wherein L3 and Y3 are oriented ortho or meta to 
each other. 

Preferred substituents Cy, Ar, and Z according to this 
aspect of the invention are as de?ned above for the ?rst 
embodiment. Preferred substituents L3 are as de?ned above 
for L1 or L2. 

Preferably, Y3 is C2 alkenylene or C2 alkynylene, Wherein 
one or both carbon atoms of the alkenylene optionally may be 
substituted With Cl-C6 alkyl, C6-Cl0 aryl, (Cl-C6)alk(C6 
Clo)aryl, or (C6-ClO)ar(C1-C6)alkyl. More preferably, Y3 is 
C2 alkenylene or C2 alkynylene, Wherein one or both carbon 
atoms of the alkenylene optionally may be substituted With 
Cl-C4 alkyl, C6-Cl4 aryl, (Cl-C4)alk(C6-Clo)aryl, or (C6 
ClO)ari(C1-C4)alkyl. Still more preferably, Y3 is selected 
from the group consisting of iCECi, iCH:CHi, 
%(CH3):CHi, and %H:C(CH3)i. 

Synthesis 

Compounds of formula CyiLliAriYliC(O)i 
NH4OiM, Wherein L1 is iS(O)2NHi, preferably may 
be prepared according to the synthetic routes depicted in 
Schemes l -3 . Accordingly, in certain preferred embodiments, 
compounds I are preferably prepared according to the general 
synthetic route depicted in Scheme 1. Thus, a sulfonyl chlo 
ride (II) is treated With an amine (III) in a solvent such as 
methylene chloride in the presence of an organic base such as 
triethylamine. Treatment of the crude product With a base 
such as sodium methoxide in an alcoholic solvent such as 
methanol effects cleavage of any dialkylated material and 
affords the sulfonamide (IV). Hydrolysis of the ester function 
in IV can be effected by treatment With a hydroxide base, such 
as lithium hydroxide, in a solvent mixture such as tetrahydro 
furan and methanol to afford the corresponding acid (V). 

Scheme 1 

(II 
c —so 01 + HN/Ar\Y1/CO2M6 —>1'Et3N C /?\N/Ar\Y1/CO2Me 
y 3 2 2. NaOMe, MeOH y 0 H 

11 III IV 

/ LiOH 

0 Method A: O 

Q Ar C(O)NHOTHP NHZOTHP’ DCC g A co H 
/ r / 2 Cy/||\N/ \Yl MethodD. Cy/||\N/ \Yl 

O H NHZOTHP, EDC O H 
v1 HOBt 1v 

Method C: 

1. 00012 
2. NHZOTMS 
3. INHCl 
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-continued 

I? 
CSA, MeOH S Ar C O NHOH 

/ \N/ \ 1/ ( ) MethodC: Cy II Y 
O H NHZOH, 

NaOMe, MeOH 

10 

In some embodiments, conversion of the acid V to the 
hydroxamic acid I may be accomplished by coupling V With 
a protected hydroxylamine, such as tetrahydropyranylhy 
droxylamine (NHZOTHP), to afford the protected hydroxam 
ate VI, followed by acidic hydrolysis of VI to provide the 15 
hydroxamic acid I. The coupling reaction is preferably 

lamine in a solvent such as methylene chloride, Which then 
provides the hydroxylamine I upon Workup (Method C). 

In still other embodiments, the ester IV is preferably 
treated With hydroxylamine in a solvent such as methanol in 
the presence of a base such as sodium methoxide to furnish 

the hydroxylamine I directly (Method B). 

W 

X I COOH 

l. Coupling 
reagent 

NHZOR 
2. Deprotection 

X I CH2 

1) ArSOZCI TPAP 
I Et3N M. s. 4A NMO 

\ CHZCIZ \ CH3CN lhr. 
—> I l) NaOMe I Ph3P 

/ / MeOH / / _ 
H N ArSO NH COZEt 
2 2 O 

VII VIII CH3CN, 50 C. 

\ H2, Pd/C 
MeOH OH 

LiOH % —> 
THF, H2O \ 4' I 

/\/ 
NHSOZAr 

XI XII 

O o 
l. Coupling 

regent 
I \ OH NHZOH \ NHOH 

—> 2. Deprotection I 
/\/ /\/ 

NHSOZAr NHSOZAr 
XIII XIV 

accomplished With the coupling reagent dicyclohexylcarbo 
diimide (DCC) in a solvent such as methylene chloride 
(Method A) or With the coupling reagent 1-(3-dimethylami 
nopropyl)-3-ethylcarbodiimide in presence of N-hydroxy 
benZotriaZole in an aprotic solvent such as dimethylforma 
mide (Method D). Other coupling reagents are knoWn in the 
art and may also be used for this reaction. Hydrolysis of VI is 
preferably effected by treatment With an organic acid such as 
camphorsulfonic acid in a protic solvent such as methanol. 

Alternatively, in some other embodiments, acid V is con 
verted to the corresponding acid chloride, preferably by treat 
ment With oxalic chloride, folloWed by the addition of a 
protected hydroxylamine such as O-trimethylsilylhydroxy 
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Compounds of formula X and XIV preferably are prepared 
according to the general procedure outlined in Scheme 2. 
Thus, an aminoaryl halide (VII) is treated With a sulfonyl 
chloride in presence of a base such as triethylamine, folloWed 
by treatment With an alkoxide base, to furnish the sulfona 
mide VIII. One of skill in the art Will recogniZe that reverse 
sulfonamide analogs can be readily prepared by an analogous 
procedure, treating a haloarenesulfonyl halide With an ary 
lamine. 
Compound VIII is coupled With a terminal acetylene or 

ole?nic compound in the presence of a palladium catalyst 
such as tetrakis(triphenylphosphine)palladium(0) in a solvent 
such as pyrrolidine to afford IX. 
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le;.5qOxidation of the compound of formula IX 
(XICH2OH), followed by homologation of the resulting 
aldehyde using a Wittig type reagent such as carbethoxym 
ethylenetriphenylphosphorane in a solvent such as acetoni 
trile, gives the compound of formula XI. Basic hydrolysis of 
XI, such as by treatment With lithium hydroxide in a mixture 
of THF and Water, provides the acid XII. Hydrogenation of 
XII may preferably be performed over a palladium catalyst 
such as Pd/ C in a protic solvent such as methanol to afford the 
saturated acid XIII. Coupling of the acid XIII With an O-pro 
tected hydroxylamine such as O-tetrahydropyranylhydroxy 
lamine is effected by treatment With a coupling reagent such 
as l-(3-dimethylaminopropyl)-3-ethylcarbodiimide in the 
presence of N-hydroxybenZotriaZole (HOBT), or N,N-dicy 
clohexylcarbodiimide (DCC), in a solvent such as DMF, fol 
loWed by deprotection to fumish the compound of general 
formula XIV. 

The acid IX, Wherein XICOOH, may be coupled directly 
With an O-protected hydroxylamine such as O-tetrahydropy 
ranylhydroxylamine, folloWed by deprotection of the 
hydroxy protecting group to furnish the hydroxamic acid X. 
Compounds of formula CyiLliAriYliC(O)i 

NHiOiM, Wherein L1 is 4C(O)NHi, preferably may be 
prepared according to the synthetic routes analogous to those 
depicted in Schemes l-2, substituting acid chloride starting 
materials for the sulfonyl chloride starting materials in those 
Schemes. 

Scheme 3 

O O 0 

Base i k COZR / i 

Cy cH3 + H Ar RrH> Me 

XV XVI 

H, Me 

5 

20 

25 

16 
preferred embodiments, compounds of formulae XIX and 
XXI (L2;C(O)%H:CHi or %(O)CH2CHi) pref 
erably are prepared according to the route described in 
Scheme 3. Thus, a substituted aryl acetophenone @(V) is 
treated With an aryl aldehyde (XVI) in a protic solvent such as 
methanol in the presence of a base such as sodium methoxide 
to afford the enone XVII. 

The acid substituent of XVII (RIH) is coupled With an 
O-protected hydroxylamine such as O-tetrahydropyranylhy 
droxylamine (Rl?etrahydropyranyl) to afford the O-pro 
tected-N-hydroxybenZamide XVIII. The coupling reaction is 
preferably performed by treating the acid and hydroxylamine 
With dicyclohexylcarbodiimide in a solvent such as methyl 
ene chloride or With l-(3-dimethylaminopropyl)-3-ethylcar 
bodiimide in the presence of N-hydroxybenZotriaZole in a 
solvent such as dimethylformamide. Other coupling reagents 
are knoWn in the art and may also be used in this reaction. 
O-Deprotection is accomplished by treatment of XVIII With 
an acid such as camphorsulfonic acid in a solvent such as 

methanol to afford the hydroxamic acid XIX (L2;C(O)i 
CH:CHi). 

Saturated compounds of formula XXI (L2;C(O)i 
CHZCHZi) are preferably prepared by hydrogenation of 
XVII (RIMe) over a palladium catalyst, such as 10% Pd/ C, in 
a solvent such as methanol-tetrahydrofuran. Basic hydrolysis 

002R CyMAI/ 
XVII 

NHZORI, 
Hi/R : H, Me R I Hi . coupling agent 

0 O 

M /CO3Me Cy Ar 
)Q( 

l. LiOH 

2. NHZORI, 
coupling reagent 

3. IF 

0 O 

M /C(O)NHOH Cy Ar 
)QG XIX 

C(O)NHOR CyMAI/ l 
XVIII 

lip 

C(O)NHOH Cy MAI/ 

Compounds of the formula CyiL2iAriY24C(O)i 65 of the resultant product XIX With lithium hydroxide, fol 
NHiOiM are preferably prepared according to the syn 
thetic routes outlined in Schemes 3-5 . Accordingly, in certain 

loWed by N-hydroxy amide formation and acid hydrolysis as 
described above, then affords the hydroxamic acid XXI. 
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Scheme 4 
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Compound of formula XXVI (L2:CH2)O+2i) are 
preferably prepared by the general procedures described 
in Schemes 4 and 5. Thus, in some embodiments, a 
terminal ole?n (XXII) is coupled With an aryl halide 
(XXIII) in the presence of a catalytic amount of a palladium 
source, such as palladium acetate or tris(dibenZylideneac 

Cy 0 PPh3 

M /C(O)NHOH Cy Ar 
UV 

20 

O 

+ k COZH Base / A + H Ar —> 

40 

etone)dipalladium(0), a phosphine, such as triphenylphos 
phine, and a base, such as triethylamine, in a solvent such as 
acetonitrile to afford the coupled product XXIV. Hydrogena 
tion, folloWed by N-hydroxyamide formation and acid 
hydrolysis, as described above, affords the hydroxamic acid 
XXVI. 

S cheme 5 

com / Cy/MAI 
XXvn XXIV 

1. NHZORI, H2 
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2. H+ y 

UV 

Alternatively, in some other embodiments, a pho sphonium 
salt of formula XXVII is treated With an aryl aldehyde of 
formula XXVIII in the presence of base, such as lithium 
hexamethyldisilazide, in a solvent, such as tetrahydrofuran, 
to produce the compound XXIV. Hydrogenation, folloWed by 
N-hydroxyamide formation and acidic hydrolysis, then 
affords the compounds XXVI. 

Scheme 6 

O 

NaH, (COCI); 
—> Cy—L—Ar—Y 

01 
XXX 

HZN \ HZN 

N / 
HZN 

OR 
o 

1 HZN 
Cy—L—Ar—Y 

HN 

t-BOC-NH 
2. HCl 



US RE43,343 E 
19 20 

-continued 

O 

Cy—L—Ar—Y4< 
HN 

HZN 
WII 

Compounds of formula CyiLiAriY4C(O)iNHi 
Z, wherein L is L1 or L2, Y is Y1 orY2, and Z is anilinyl or 
pyridyl, are preferably prepared according to synthetic routes 
outlined in Scheme 6. An acid of formula CyiLiAriYi 
C(O)4OH (XXIX), prepared by one of the methods shoWn 
in Schemes 1-5, is converted to the corresponding acid chlo 
ride XXX according to standard methods, e.g., by treatment 
With sodium hydride and oXalyl chloride. Treatment of XXX 
With Z-aminopyridine and a tertiary base such as N-methyl 
morpholine, preferably in dichloromethane at reduced tem 

O 0 

R1 km CO2R3 CyAk/ + H 0 W 

25 

30 

perature, then affords the pyridyl amide XXXI. In a similar 
fashion, the acid chloride XXX may be treated With 1,2 
phenylenediamine to afford the anilinyl amide XXXII. Alter 
natively, the acid chloride XXX may be treated With a mono 
protected 1,2-phenylenediamine, such as Z-(t-BOC-amino) 
aniline, folloWed by deprotection, to afford XXXII. 

In another alternative procedure, the acid XXIX may be 
activated by treatment With carbonyldiimidaZole (CDI), fol 
loWed by treatment With 1,2-phenylenediamine and tri?uo 
roacetic acid to afford the anilinyl amide XXXII. 

Scheme 7 
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Compounds of formula XXXVIII (L2;C(O)-alkylene-) 
preferably are prepared according to the general procedure 
depicted in Scheme 7. Thus, Aldol condensation of ketone 
XXXIII (RIIH or alkyl) With aldehyde XXXIV affords the 
adduct XXXV. The adduct XXXV may be directly converted 
to the corresponding hydroxamic acid XXXVI, or may ?rst 
undergo hydrogenation to afford the saturated compound 
XXVII and then be converted to the hydroxamic acid XXX 
VIII. 

22 
corresponding hydroxamic acid XLIV, Which then may be 
selectively oxidiZed to the sulfoxide XLV, for example, by 
treatment With hydrogen peroxide and tellurium dioxide. 

Pharmaceutical Compositions 

In a second aspect, the invention provides pharmaceutical 
compositions comprising an inhibitor of histone deacetylase 
represented by any one of formulae (1 )-(6) and a pharmaceu 

Schemes 
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Compounds of formula (2), Wherein one of the carbon 
atoms in L2 is replaced With S, S(O), or S(O)2 preferably are 
prepared according to the general procedure outlined in 
Scheme 8. Thus, thiol XXXIX is added to ole?n XL to pro 
duce XLI. The reaction is preferably conducted in the pres 
ence of a radical initiator such as 2,2'-aZobisisobutyronitrile 

(AIBN) or l,l'-aZobis(cyclohexanecarbonitrile) (VAZOTM). 
Sul?de oxidation, preferably by treatment With m-chloroper 
benZoic acid (mCPBA), affords the corresponding sulfone, 
Which is conveniently isolated after conversion to the methyl 
ester by treatment With diaZomethane. Ester hydrolysis then 
affords the acid XLII, Which is converted to the hydroxamic 
acid XLIII according to any of the procedures described 
above. The sul?de XLI also may be converted directly to the 

Cy 

55 

60 

65 

XLIII 

tically acceptable carrier, excipient, or diluent. Compounds 
of the invention may be formulated by any method Well 
knoWn in the art and may be prepared for administration by 
any route, including, Without limitation, parenteral, oral, sub 
lingual, transdermal, topical, intranasal, intratracheal, or 
intrarectal. In certain preferred embodiments, compounds of 
the invention are administered intravenously in a hospital 
setting. In certain other preferred embodiments, administra 
tion may preferably be by the oral route. 
The characteristics of the carrier Will depend on the route of 

administration. As used herein, the term “pharmaceutically 
acceptable” means a non-toxic material that is compatible 
With a biological system such as a cell, cell culture, tissue, or 
organism, and that does not interfere With the effectiveness of 
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the biological activity of the active ingredient(s). Thus, com 
positions according to the invention may contain, in addition 
to the inhibitor, diluents, ?llers, salts, buffers, stabilizers, 
solubiliZers, and other materials Well knoWn in the art. The 
preparation of pharmaceutically acceptable formulations is 
described in, e.g., Remington’s Pharmaceutical Sciences, 
18th Edition, ed. A. Gennaro, Mack Publishing Co., Easton, 
Pa., 1990. 

Inhibition of Histone Deacetylase 

In a third aspect, the invention provides a method of inhib 
iting histone deacetylase in a cell, comprising contacting a 
cell in Which inhibition of histone deacetylase is desired With 
an inhibitor of histone deacetylase according to the invention. 
In a ?rst embodiment according to this aspect of the inven 
tion, the inhibitor of histone deacetylase is represented by the 
formula (1) 

CyiL1iAriY14C(O)iNHiZ (1) 

Wherein 
Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 
Which may be optionally substituted; 

L1 is i(CH2 niWi, Where m is 0, l, 2, 3, or 4, andW is 
selected from the group consisting of C(O)NHi, 
iS(O)2NHi, iNHC(O)i, iNHS(O)2i, and 
iNHiC(O)iNHi; 

Ar is arylene, Wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
Which may be optionally substituted; 

Y1 is a chemical bond or a straight- or branched-chain 
saturated alkylene, Wherein said alkylene may be 
optionally substituted; and 

Z is selected from the group consisting of anilinyl, pyridyl, 
2-thioXo-l,3,4-thiadiaZol-2-yl, and iOiM, M being 
H or a pharmaceutically acceptable cation; 

provided that When L1 is 4C(O)NHi, Y is i(CH2)ni, n 
being 1, 2, or 3, and Z is 4OiM, then Cy is not 
aminophenyl, dimethylaminophenyl, or hydroxyphe 
nyl. 

In a second embodiment according to this aspect of the 
invention, the inhibitor of histone deacetylase is represented 
by formula (2): 

CyiL2iAriY24C(O)NHiZ (2) 

Wherein 
Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 
Which may be optionally substituted; 

L2 is C l-C6 saturated alkylene or C2-C6 alkenylene, either 
of Which may be optionally substituted; 

Ar is arylene, Wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
Which may be optionally substituted; and 

Y2 is a chemical bond or a straight- or branched-chain 
saturated alkylene, Which may be optionally substituted, 
provided that the alkylene is not substituted With a sub 
stituent of the formula iC(O)R Wherein R comprises an 
ot-amino acyl moiety; and 

Z is selected from the group consisting of anilinyl, pyridyl, 
2-thioXo-l,3,4-thiadiaZol-2-yl, and iOiM, M being 
H or a pharmaceutically acceptable cation. 

In a third embodiment according to this aspect of the inven 
tion, the inhibitor of histone deacetylase is represented by the 
formula (3): 
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Wherein 
Cy is cycloalkyl, aryl, heteroaryl, or heterocyclyl, any of 

Which may be optionally substituted, provided that Cy is 
not a (spirocycloalkyl)heterocyclyl; 

L3 is selected from the group consisting of 
(a) i(CH2)niWi, Where m is 0, l, 2, 3, or 4, and W is 

selected from the group consisting of 4C(O)NHi, 
iS(O)2NHi, iNHC(O)i, iNHS(O)2i, and 
iNH%(O)iNHi; and 

(b) C l-C6 alkylene or C2-C6 alkenylene, Wherein the 
alkylene or alkenylene optionally may be substituted, 
provided that L3 is not 4C(O)i, and Wherein one of 
the carbon atoms of the alkylene optionally may be 
replaced by 0; NR‘, R' being alkyl, acyl, or hydrogen; 
S; S(O); Or S(O)2; 

Ar is arylene, Wherein said arylene optionally may be 
additionally substituted and optionally may be fused to 
an aryl or heteroaryl ring, or to a saturated or partially 
unsaturated cycloalkyl or heterocyclic ring, any of 
Which may be optionally substituted; and 

Y3 is C2 alkenylene or C2 alkynylene, Wherein one or both 
carbon atoms of the alkenylene optionally may be sub 
stituted With alkyl, aryl, alkaryl, or aralkyl; and 

Z is selected from the group consisting of anilinyl, pyridyl, 
thiadiaZolyl, and 4OiM, M being H or a pharmaceu 
tically acceptable cation; 

provided that When Cy is unsubstituted phenyl, Ar is not 
phenyl Wherein L3 and Y3 are oriented ortho or meta to 
each other. 

In a fourth embodiment according to this aspect of the 
invention, the novel histone deacetylase inhibitor is selected 
from the group represented by formulae (4)-(6): 

(4) 
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\ /OH. 
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Measurement of the enZymatic activity of a histone 
deacetylase can be achieved using knoWn methodologies. For 
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example, Yoshida et al., J. Biol. Chem., 265: 17174-17179 
(1990), describes the assessment of histone deacetylase enzy 
matic activity by the detection of acetylated histones in tri 
chostatin. A treated cells. Taunton et al., Science, 272: 408 
411 (1996), similarly describes methods to measure histone 
deacetylase enzymatic activity using endogenous and recom 
binant HDAC-l. Both of these references are hereby incor 
porated by reference in their entirety. 

In some preferred embodiments, the histone deacetylase 
inhibitor interacts With and reduces the activity of all histone 
deacetylases in the cell. In some other preferred embodiments 
according to this aspect of the invention, the histone deacety 
lase inhibitor interacts With and reduces the activity of feWer 
than all histone deacetylases in the cell. In certain preferred 
embodiments, the inhibitor interacts With and reduces the 
activity of one histone deacetylase (e.g., HDAC-l), but does 
not interact With or reduce the activities of other histone 

deacetylases (e.g., HDAC-2, HDAC-3, HDAC-4, HDAC-5, 
HDAC-6, HDAC-7, and HDAC-8). As discussed beloW, cer 
tain particularly preferred histone deacetylase inhibitors are 
those that interact With and reduce the enzyuratic activity of a 
histone deacetylase that is involved in tumorigenesis. Certain 
other preferred histone deacetylase inhibitors interact With 
and reduce the enzymatic activity of a fungal histone deacety 
lase. 

Preferably, the method according to the third aspect of the 
invention causes an inhibition of cell proliferation of the 
contacted cells. The phrase “inhibiting cell proliferation” is 
used to denote an ability of an inhibitor of histone deacetylase 
to retard the groWth of cells contacted With the inhibitor as 
compared to cells not contacted. An assessment of cell pro 
liferation can be made by counting contacted and non-con 
tacted cells using a Coulter Cell Counter (Coulter, Miami, 
Fla.) or a hemacytometer. Where the cells are in a solid 
groWth (e.g., a solid tumor or organ), such as assessment of 
cell proliferation can be made by measuring the groWth With 
calipers and comparing the size of the groWth of contacted 
cells With non-contacted cells. 

Preferably, groWth of cells contacted With the inhibitor is 
retarded by at least 50% as compared to groWth of non 
contacted cells. More preferably, cell proliferation is inhib 
ited by 100% (i.e., the contacted cells do not increase in 
number). Most preferably, the phrase “inhibiting cell prolif 
eration” includes a reduction in the number or size of con 
tacted cells, as compared to non-contacted cells. Thus, an 
inhibitor of histone deacetylase according to the invention 
that inhibits cell proliferation in a contacted cell may induce 
the contacted cell to undergo groWth retardation, to undergo 
groWth arrest, to undergo programmed cell death (i.e., to 
apoptose), or to undergo necrotic cell death. 

The cell proliferation inhibiting ability of the histone 
deacetylase inhibitors according to the invention alloWs the 
synchronization of a population of asynchronously groWing 
cells. For example, the histone deacetylase inhibitors of the 
invention may be used to arrest a population of non-neoplas 
tic cells groWn in vitro in the G1 or G2 phase of the cell cycle. 
Such synchronization alloWs, for example, the identi?cation 
of gene and/or gene products expressed during the G1 or G2 
phase of the cell cycle. Such a synchronization of cultured 
cells may also be useful for testing the e?icacy of a neW 
transfection protocol, Where transfection ef?ciency varies 
and is dependent upon the particular cell cycle phase of the 
cell to be transfected. Use of the histone deacetylase inhibi 
tors of the invention alloWs the synchronization of a popula 
tion of cells, thereby aiding detection of enhanced transfec 
tion ef?ciency. 
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In some preferred embodiments, the contacted cell is a 

neoplastic cell. The term “neoplastic cell” is used to denote a 
cell that shoWs aberrant cell groWth. Preferably, the aberrant 
cell groWth of a neoplastic cell is increased cell groWth. A 
neoplastic cell may be a hyperplastic cell, a cell that shoWs a 
lack of contact inhibition of groWth in vitro, a benign tumor 
cell that is incapable of metastasis in vivo, or a cancer cell that 
is capable of metastasis in vivo and that may recur after 
attempted removal. The term “tumorigenesis” is used to 
denote the induction of cell proliferation that leads to the 
development of a neoplastic groWth. In some embodiments, 
the histone deacetylase inhibitor induces cell differentiation 
in the contacted cell. Thus, a neoplastic cell, When contacted 
With an inhibitor of histone deacetylase may be induced to 
differentiate, resulting in the production of a daughter cell 
that is phylogenetically more advanced than the contacted 
cell. 

In some preferred embodiments, the contacted cell is in an 
animal. Thus, the invention provides a method for treating a 
cell proliferative disease or condition in an animal, compris 
ing administering to an animal in need of such treatment a 
therapeutically effective amount of a histone deacetylase 
inhibitor of the invention. Preferably, the animal is a mammal, 
more preferably a domesticated mammal. Most preferably, 
the animal is a human. 
The term “cell proliferative disease or condition” is meant 

to refer to any condition characterized by aberrant cell 
groWth, preferably abnormally increased cellular prolifera 
tion. Examples of such cell proliferative diseases or condi 
tions include, but are not limited to, cancer, restenosis, and 
psoriasis. In particularly preferred embodiments, the inven 
tion provides a method for inhibiting neoplastic cell prolif 
eration in an animal comprising administering to an animal 
having at least one neoplastic cell present in its body a thera 
peutically effective amount of a histone deacetylase inhibitor 
of the invention. 

It is contemplated that some compounds of the invention 
have inhibitory activity against a histone deacetylase from a 
protozoal source. Thus, the invention also provides a method 
for treating or preventing a protozoal disease or infection, 
comprising administering to an animal in need of such treat 
ment a therapeutically effective amount of a histone deacety 
lase inhibitor of the invention. Preferably the animal is a 
mammal, more preferably a human. Preferably, the histone 
deacetylase inhibitor used according to this embodiment of 
the invention inhibits a protozoal histone deacetylase to a 
greater extent than it inhibits mammalian histone deacety 
lases, particularly human histone deacetylases. 
The present invention further provides a method for treat 

ing a fungal disease or infection comprising administering to 
an animal in need of such treatment a therapeutically effective 
amount of a histone deacetylase inhibitor of the invention. 
Preferably the animal is a mammal, more preferably a human. 
Preferably, the histone deacetylase inhibitor used according 
to this embodiment of the invention inhibits a fungal histone 
deacetylase to a greater extent than it inhibits mammalian 
histone deacetylases, particularly human histone deacety 
lases. 
The term “therapeutically effective amount” is meant to 

denote a dosage su?icient to cause inhibition of histone 
deacetylase activity in the cells of the subject, or a dosage 
suf?cient to inhibit cell proliferation or to induce cell differ 
entiation in the subject. Administration may be by any route, 
including, Without limitation, parenteral, oral, sublingual, 
transderrnal, topical, intranasal, intratracheal, or intrarectal. 
In certain particularly preferred embodiments, compounds of 
the invention are administered intravenously in a hospital 
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setting. In certain other preferred embodiments, administra 
tion may preferably be by the oral route. 
When administered systemically, the histone deacetylase 

inhibitor is preferably administered at a su?icient dosage to 
attain a blood level of the inhibitor from about 0.01 M to about 
100 M, more preferably from about 0.05 M to about 50 M, 
still more preferably from about 0.1 M to about 25 M, and still 
yet more preferably from about 0.5 M to about 25 M. For 
localized administration, much loWer concentrations than 
this may be effective, and much higher concentrations may be 
tolerated. One of skill in the art Will appreciate that the dosage 
of histone deacetylase inhibitor necessary to produce a thera 
peutic effect may vary considerably depending on the tissue, 
organ, or the particular animal or patient to be treated. 

In certain preferred embodiments of the ?fth and sixth 
aspects of the invention, the method further comprises con 
tacting the cell With an antisense oligonucleotide that inhibits 
the expression of a histone deacetylase. The combined use of 
a nucleic acid level inhibitor (i.e., antisense oligonucleotide) 
and a protein level inhibitor (i.e., inhibitor of histone deacety 
lase enZyme activity) results in an improved inhibitory effect, 
thereby reducing the a mounts of the inhibitors required to 
obtain a given inhibitory effect as compared to the amounts 
necessary When either is used individually. The antisense 
oligonucleotides according to this aspect of the invention are 
complementary to regions of RNA or double-stranded DNA 
that encode HDAC-l, HDAC-2, HDAC-3, HDAC-4, HDAC 
5, HDAC-6, HDAC7, and/or HDAC-8. 

For purposes of the invention, the term “oligonucleotide” 
includes polymers of tWo or more deoxyribonucleosides, 
ribonucleosides, or 2'-O-substituted ribonucleoside residues, 
or any combination thereof. Preferably, such oligonucle 
otides have from about 6 to about 100 nucleoside residues, 
more preferably from about 8 to about 50 nucleoside residues, 
and most preferably from about 12 to about 30 nucleoside 
residues. The nucleoside residues may be coupled to each 
other by any of the numerous knoWn intemucleoside link 
ages. Such internucleoside linkages include Without limita 
tion phosphorothioate, phosphorodithioate, alkylphospho 
nate, alkylphosphonothioate, phosphotriester, 
phosphoramidate, siloxane, carbonate, carboxymethylester, 
acetamidate, carbamate, thioether, bridged phosphoramidate, 
bridged methylene phosphonate, bridged phosphorothioate 
and sulfone internucleoside linkages. In certain preferred 
embodiments, these intemucleoside linkages may be phos 
phodiester, phosphotriester, phosphorothioate, or phosphora 
midate linkages, or combinations thereof. The term oligo 
nucleotide also encompasses such polymers having 
chemically modi?ed bases or sugars and/or having additional 
substituents, including Without limitation lipophilic groups, 
intercalating agents, diamines and adamantane. For purposes 
of the invention the term “2'-O-substituted” means substitu 
tion of the 2' position of the pentose moiety With an *0 
loWer alkyl group containing l-6 saturated or unsaturated 
carbon atoms, or With an iO-aryl or allyl group having 2-6 
carbon atoms, Wherein such alkyl, aryl or allyl group may be 
unsubstituted or may be substituted, e.g., With halo, hydroxy, 
tri?uoromethyl, cyano, nitro, acyl, acyloxy, alkoxy, carboxyl, 
carbalkoxyl, or amino groups; or such 2' substitution may be 
With a hydroxy group (to produce a ribonucleoside), an amino 
or a halo group, but not With a 2'-H group. The term “oligo 
nucleotide” also encompasses linked nucleic acid and peptide 
nucleic acid. 

Particularly preferred antisense oligonucleotides utiliZed 
in this aspect of the invention include chimeric oligonucle 
otides and hybrid oligonucleotides. 
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28 
For purposes of the invention, a “chimeric oligonucle 

otide” refers to an oligonucleotide having more than one type 
of intemucleoside linkage. One preferred example of such a 
chimeric oligonucleotide is a chimeric oligonucleotide com 
prising a phosphorothioate, phosphodiester or phospho 
rodithioate region, preferably comprising from about 2 to 
about 12 nucleotides, and an alkylphosphonate or alky 
lphosphonothioate region (see e.g., Pederson et al. US. Pat. 
Nos. 5,635,377 and 5,366,878). Preferably, such chimeric 
oligonucleotides contain at least three consecutive inter 
nucleoside linkages selected from phosphodiester and phos 
phorothioate linkages, or combinations thereof. For purposes 
of the invention, a “hybrid oligonucleotide” refers to an oli 
gonucleotide having more than one type of nucleoside. One 
preferred example of such a hybrid oligonucleotide com 
prises a ribonucleotide or 2'-O-substituted ribonucleotide 
region, preferably comprising from about 2 to about 12 2'-O 
substituted nucleotides, and a deoxyribonucleotide region. 
Preferably, such a hybrid oligonucleotide Will contain at least 
three consecutive deoxyribonucleosides and Will also contain 
ribonucleosides, 2'-O-substituted ribonucleosides, or combi 
nations thereof (see e.g., Metelev and AgraWal, US. Pat. No. 
5,652,355). 
The exact nucleotide sequence and chemical structure of 

an antisense oligonucleotide utiliZed in the invention can be 
varied, so long as the oligonucleotide retains its ability to 
inhibit expression of the gene of interest. This is readily 
determined by testing Whether the particular antisense oligo 
nucleotide is active by quantitating the mRNA encoding a 
product of the gene, or in a Western blotting analysis assay for 
the product of the gene, or in an activity assay for an enZy 
matically active gene product, or in a soft agar groWth assay, 
or in a reporter gene construct assay, or an in vivo tumor 
groWth assay, all of Which are described in detail in this 
speci?cation or in Ramchandani et al. (1997) Proc. Natl. 
Acad. Sci. USA 94: 684-689. 

Antisense oligonucleotides utiliZed in the invention may 
conveniently be synthesiZed on a suitable solid support using 
Well knoWn chemical approaches, including H-phosphonate 
chemistry, phosphoramidite chemistry, or a combination of 
H-phosphonate chemistry and phosphoramidite chemistry 
(i.e., H-phosphonate chemistry for some cycles and phos 
phoramidite chemistry for other cycles). Suitable solid sup 
ports include any of the standard solid supports used for solid 
phase oligonucleotide synthesis, such as controlled-pore 
glass (CPG) (see, e.g., Pon, R. T. (1993) Methods in Molec. 
Biol. 20: 465-496). 

Particularly, preferred oligonucleotides have nucleotide 
sequences of from about 13 to about 35 nucleotides Which 
include the nucleotide sequences shoWn in Tables l-3. Yet 
additional particularly preferred oligonucleotides have nucle 
otide sequences of from about 15 to about 26 nucleotides of 
the nucleotide sequences shoWn in Tables l-3. 

TABLE 1 

SEQ 
ID 

NO. SEQUENCE TARGET(**) 

1 5‘—GAG ACA GCA GCA CCA GcG GG-3‘ 17-36 

2 5‘—ATG ACC GAG TGG GAG ACA GC-3‘ 21-49 

3 5‘—GGA TGA ccG AGT GGG AGA (IA-3‘ 31-50 

4 5‘—CAG GAT GAC CGA GTG GGA GA-3‘ 33-52 

5 5‘—TGT GTT CTC AGG ATG ACC GA-3‘ 41-60 

6 5‘—GAG TGA CAG AGA cGc TCA GG-3‘ 62-81 

7 5‘—TTC TGG CTT CTC CTC CTT GG-3‘ 1504-1523 

8 5‘—CTT GAC CTC CTC CTT GAC cc-3‘ 1531-1550 
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TABLE 1-continued 

SEQ 
ID 

NO. SEQUENCE TARGET(**) 

9 5‘—GGA AGC CAG AGC TGG AGA GG-3‘ 1565-1584 

10 5‘—GAA ACG TGA GGG ACT CAG CA-3‘ 1585-1604 

11 5‘—CCG TCG TAG TAG TAA CAG ACT TT-3‘ 138-160 

12 5‘—TGT CCA TAA TAG TAA TTT CCA A-3‘ 166-187 

13 5‘—CAG CAA ATT ATG AGT CAT GCG GAT 211-236 

(**) target reference numbering is in 
GenBank Accession Number U50079 . 

accordance with HDAC’l, 

TABLE 2 

SEQ 
ID TARGET 

NO. SEQUENCE (***) 

14 5‘—CTC CTT GAC TGT ACG CCA TG-3‘ 1-20 

15 5‘—TGC TGC TGC TGC TGC TGC CG-3‘ 121-141 

16 5‘—CCT CCT GCT GCT GCT GCT GC-3‘ 132-152 

17 5‘—CCG TCG TAG TAG TAG CAG ACT TT-3‘ 138-160 

18 5‘—TGT CCA TAA TAA TAA TTT CCA A-3‘ 166-187 

19 5‘—CAG CAA GTT ATG GGT CAT GCG GAT 211-236 

TC-3‘ 

20 5‘—GGT TCC TTT GGT ATC TGT TT-3‘ 1605-1625 

(***) target reference numbering is in 
GenBank Accession Number U31814 . 

accordance with HDAC’Z , 

TABLE 3 

SEQ TARGET 
ID NO. SEQUENCE (***) 

21 5‘—GCT GCC TGC CGT GCC CAC CC-3‘ 514-533 

(***) target reference numbering is in accordance with HDAC’4 

The following examples are intended to further illustrate 
certain preferred embodiments of the invention, and are not 
intended to limit the scope of the invention. 

EXAMPLES 

Preparation of Amines 

Methyl-3 -aminophenylacetate (1) 

To a solution of 3-aminophenylacetic acid (3 g, 19.85 
mmol) in methanol (50 mL) at room temperature Was added 
HCl conc. (37%, 7.5 mL). The mixture Was stirred 6 h at room 
temperature then treated With a saturated aqueous solution of 
NaHCO3. The solvent Was removed under reduced pressure 
then the aqueous phase Was extracted several times With 
CH2Cl2. The combined organic extracts Were dried over 
(MgSO4) and evaporated. The crude mixture Was puri?ed by 
?ash chromatography using hexane/AcOEt (1:1) yielding 1 
as a yelloW oil (3.06 g, 79%). 
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1H NMR: (300 MHZ, CDC13): 7.10 (t, 1:8 HZ, 1H), 6.68 

6.58 (m, 3H), 3.69-3.65 (m, 5H), 3.53 (s, 2H). 

Methyl-4-aminophenyl BenZoate (2) 

OMe 

To a solution of4-aminobenZoic acid (10 g, 72.92 mmol) in 
methanol (200 mL) at room temperature Was added HCl conc. 
(37%, 25 mL). The solution mixture Was heated overnight at 
700 C. Once the solution Was clear (completed) the reaction 
Was treated With a saturated aqueous solution of NaHCO3 and 
NaZCO3 poWder until pH 9. The solvent Was then evaporated 
under reduced pres sure and the aqueous phase Was extracted 
several times With AcOEt. The combined organic extracts 
Were dried over (MgSO4) and evaporated. The crude product 
2 (9.30 g 85%) Was obtained as a beige solid and Was clean 
enough to use Without further puri?cation. 

1H NMR: (300 MHZ, CDCl3): 7.85 (d, 1:8 HZ, 2H), 6.63 
(d, 1:8 HZ, 2H), 4.04 (broad s, 2H), 3.85 (s, 3H). 

Methyl-4-aminophenylacetate (3) 

OMe 

To a solution of 4-aminophenylacetic acid (10 g, 66.2 
mmol) in methanol (150 mL) at room temperature Was added 
HCl conc. (37% 25 mL). The mixture became yelloW and Was 
stirred overnight. The reaction mixture Was then quenched 
With a saturated aqueous solution of NaHCO3. The methanol 
Was evaporated under reduced pressure and the aqueous layer 
Was extracted several times With AcOEt. The combined 
organic extracts Were dried over (MgSO4) and evaporated. 
The crude residue Was puri?ed by ?ash chromatography 
using hexane/AcOEt (4:1) as solvent mixture yielding 3 as a 
yelloW oil (9.44 g, 74%). 

1H NMR: (300 MHZ, CDCl3): 7.05 (d, 1:10 HZ, 2H), 6.65 
(d, 1:10 HZ, 2H), 3.65 (s, 3H), 3.63 (broad s, 2H), 3.51 (s, 
2H). 

Example 1 

2-[4-BenZo[b]thiophene-2-sulfonylamino)-phenyl] - 

N-hydroxy-acetamide (4) 

S 

O NHOH 
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Step 1: Methyl-2-[4-benZo[b]thiophene-2-sulfonylamino) 
phenyl] -acetate (5) 

To a solution of3 (500 mg, 2.56 mmol), in CH2Cl2 (8 mL) 
at room temperature Were added Et3N (712 uL, 5.12 mmol) 
followed by 2-benZothiophenesulfonyl chloride (712 mg, 
3.07 mmol). The mixture Was stirred overnight at room tem 
perature then quenched With a saturated aqueous solution of 
NaHCO3. The phases Were separated and the aqueous layer 
Was extracted several times With CH2Cl2. The combined 
organic extracts Were dried over (MgSO4) and evaporated. 
The mixture of the mono and bis alkylated products Were 
dissolved in methanol (~8 mL) and NaOMe Was added (691 
mg, 12.8 mmol). The resulting mixture Was heated at 60° C. 
for 30 min the HCl 1N Was added until pH 2. Then a saturated 
aqueous solution of NaHCO3 Was added until pH 7-8. The 
solvent Was evaporated under reduced pressure then the aque 
ous layer Was extracted several times With CH2Cl2. The com 
bined organic extracts Were dried over (MgSO4) and evapo 
rated. The residue Was puri?ed by ?ash chromatography 
using toluene/AcOEt 7:3 as solvent mixture and a second 
?ash chromatography using CH2Cl2/acetone 98:2 as solvent 
yielding the title compound 5 as yelloWish poWder (487 mg, 
53%). 

1H NMR: (300 MHZ, CDCl3): 7.80 (d, 1:8 HZ, 2H), 7.75 
(s, 1H), 7.44 (m, 2H), 7.14 (m, 4H), 6.79 (broad s, 1H) 3.67 (s, 
3H), 3.56 (s, 2H) 
Step 2: 2-[4-BenZo[b]thiophene-2-sulfonylamino)-phenyl] 
acetic Acid (6) 

o\\S / g 
\ \\O 

s 

To a solution of 5 from step 1 (451 mg, 1.25 mmol) in a 
solvent mixture of THF (20 mL) and H20 (20 mL) at room 
temperature Was added LiOH (524 mg, 12.5 mmol). The 
mixture Was stirred for 2 h at room temperature and then Was 

treated With a saturated aqueous solution of NH4Cl. The 
resulting solution Was extracted several times With AcOEt. 
The combined organic extracts Were dried over (MgSO4). 
The crude residue Was then puri?ed by ?ash chromatography 
using CHZClZ/MeOH (9:1) as solvent mixture yielding the 
title compound 6 as White solid (404 mg, 93%). 

1H NMR: (300 MHZ, DMSO-d6): 8.03 (d, 1:8 HZ, 1H), 
7.97 (d, 1:7 HZ, 1H), 7.92 (s, 1H), 7.50-7.45 (m, 2H), 7.13 
7.06 (m, 4H), 3.44 (s, 2H). 
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Step 3: 2-[4-BenZo[b]thiophene-2-sulfonylamino)-phenyl] 
N-hydroxy-acetamide (4) 

O NHOH 

Method A: 

To a solution of 6 (150 mg, 0.432 mmol) in a solvent 
mixture of CH2Cl2 (10 mL) and THE (5 mL) Was added at 
room temperature 1,3-dicyclohexylcarbodiimide (DCC, 116 
mg, 0.563 mmol). The reaction mixture Was stirred 30 min at 
room temperature then NHZOTHP (76 mg, 0.650 mmol) and 
dimethylaminopyridine (DMAP, 5 mg) Were added. The 
solution Was stirred over night at room temperature and the 
solvents Were evaporated under reduced pres sure. The crude 
material Was puri?ed by ?ash chromatography using CH2Cl2/ 
MeOH (9: 1) as solvent. The residue Was dissolved in MeOH 
(10 mL) and 10-camphorsulfonic acid (CSA, 100 mg, 0.432 
mmol) Was added. The mixture Was stirred at room tempera 
ture overnight then treated With a saturated aqueous solution 
of NaHCO3. The solvent Was evaporated under reduced pres 
sure and the aqueous phase Was extracted several times With 
CH2Cl2 (3 x) and AcOEt (3 x). The combined organic extracts 
Were dried over (MgSO4) and evaporated. The crude product 
Was puri?ed by preparative high pressure liquid chromatog 
raphy on reversed phase silica gel using a gradient of Water/ 
CH3CN (10-65%) yielding the title compound 4 as yelloWish 
solid (70 mg, 45%). 

1H NMR (300 MHZ, CD3OD): 7.92-7.88 (m, 2H), 7.80 (s, 
1H), 7.50-7.45 (m, 2H), 7.23-7.16 (m, 4H) 3.35 (s, 2H). 
Except Where otherWise indicated, the folloWing com 

pounds Were prepared by procedures analogous to those 
described in Example 1, but substituting the sulfonyl chloride 
indicated for 2-benZothiophenesulfonyl chloride in step 1. 

Example 2 

2-[4-(2-NitrobenZenesulfonylamino)-phenyl]-N 
hydroxy-acetamide (7) 

0 

0 NHOH 

Sulfonyl chloride: 2-nitrobenZenesulfonyl chloride 
Yield: Step 1: 82% 

Yield: Step 2: 99% 

Yield: Step 3: 19% 

1H NMR (300 MHZ, DMSO-6); 6 10.59 (s, 1H); 8.78 (s, 
1H); 7.94 (s, 2H), 7.81 (s, 2H), 7.20-7.02 (m, 4H); 3.13 (s, 
2H). 
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Example 3 

2-[4-(2.5-DichlorobenZenesulfonylamino)-phenyl] 
N-hydroxy-acetamide (8) 

Sulfonyl chloride: 2.5-DichlorobenZenesulfonyl chloride 
Yield: Step 1: 66% 

Yield: Step 2: 96% 

Yield: Step 3: 66% 

1H NMR (300 MHZ, DMSO-d6); 6 10.68 (s, 1H), 8.88 (s, 
1H), 7.95 (s, 1H), 7.67 (s, 2H); 7.13 ((1, 2H, 1:8 HZ); 7.02 ((1, 
2H, 1:8 HZ); 3.16 (s, 2H). 

Example 4 

2-[4-(4-MethylbenZenesulfonylamino)-phenyl] -N 
hydroxy-acetamide (9) 

O 

O NHOH 

Sulfonyl chloride: 4-methylbenZenesulfonyl chloride 
Step 1:Yield 100% 

Step 2: 2-[4-(4-MethylbenZenesulfonylamino)-phenyl]-N 
hydroxy-acetamide (9) 

Method B: 

To a solution of methyl-2-[4-(4-methylbenZenesulfony 
lamino)]phenylacetate (459 mg, 1.44 mmol) in methanol (10 
mL), at room temperature Were added hydroxylamine hydro 
chloride (200 mg, 2.88 mmol) folloWed by sodium methoxide 
(389 mg, 7.19 mmol). The resulting mixture Was heated over 
night at 600 C. then treated With HCl (1N) until pH 2. The 
solvent Was evaporated under reduced pressure then the aque 
ous phase Was extracted several times With CH2Cl2. The 
combined organic extracts Were dried over (MgSO4) then 
evaporated. The crude mixture Was puri?ed by ?ash chroma 
tography using CHZClZ/MeOH (9:1) as solvent mixture 
yielding the title compound 9 (244 mg, 53%) as a White 
poWder. 

1H NMR (300 MHZ, acetone-d6); 6 7.68(d, 1:8 HZ, 2H); 
7.29 (d, 1:8 HZ, 2H), 7.15 (br. s, 4H), 3.33 (s, 2H, CH2), 2.33 
(s, 3H, CH3). 
The folloWing compounds Were prepared folloWing proce 

dures analogous to those described in Example 1, step 1, and 

34 
Example 4, step 2 (Method B), but substituting the sulfonyl 
chloride indicated for 2-benZothiophenesulfonyl chloride in 
step 1. 

5 Example 5 

2- [4-(3 -Tri?uromethylbenZenesulfonylamino)-phe 
nyl] -N-hydroxy Acetamide (10) 

10 

O\\S/§ 
\\O 

15 

C133 O NHOH 

20 Sulfonyl chloride: 3-tri?uromethylbenZenesulfonyl chlo 
ride 

Yield: Step 1: 70% 
Yield: Step 2: 49% 
1H NMR (300 MHZ, acetone-d6); 6 8.09 (s, 1H), 8.05 (d, 

1H, 1:8 HZ), 7.95 (d, 1H, 1:8 HZ); 7.77 (t, 1H, 1:8 HZ); 7.21 
25 (d, 2H, 1:8 HZ), 7.13 (d, 2H, 1:8 HZ); 3.35 (s, 2H, CH2) 

Example 6 

2-[4-(tert-Butylsulfonylamino) -phenyl] -N-hydroxy 
acetamide (11) 30 

O H 

\\S/N 35 

\\O 

40 O NHOH 

Sulfonyl chloride: 4-tert-butylsulfonyl chloride 
Yield: Step 1: 76% 
Yield: Step 2: 40% 
1H NMR (300 MHZ, acetone-d6); 6 7.75 (d, 2H, 1:9 HZ), 

45 7.56 (d, 2H, 1:9 HZ); 7.17 (s, 4H); 3.34 (s, 2H), 1.29 (s, 9H). 
The following compound Was prepared folloWing proce 

dures analogous to those described in Example 1, steps 1-2, 
substituting the sulfonyl chloride indicated for 2-ben 
Zothiophenesulfonyl chloride in step 1, folloWed by hydrox 

50 amic acid formation using Method C. 

Example 7 

2-[2-(Naphthylsulfonylamino) -phenyl] -N-hydroxy 
acetamide (12) 

55 

O H 

\\ /N 
S\\ 

60 w 0 
O NHOH 

65 Sulfonyl chloride: 2-naphthylsulfonyl chloride 
Yield: Step 1:100% 
Yield: Step 2: 100% 
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Step 3: 2-[2-(Naphthylsulfonylamino)-phenyl]-N-hydroxy 
acetamide (12) 
Method C: 
To a solution of 2-[2-(naphthylsulfonylamino)]-pheny 

lacetic acid (1 91 mg, 0.563 mmol) in CH2Cl2 (20 mL) at room 
temperature Were added DMF (1 drop) followed by (COCl)2 
(250 uL, 2.81 mmol). The mixture became yelloW and solidi 
?cation appeared. The reaction Was stirred 90 min at room 
temperature then (COCl)2 Was added until no bubbling (~1 
mL). Then the solvents Were evaporated under reduced pres 
sure. The crude material Was dissolved in CH2Cl2 and 
TMSONH2 (3 mL) Was added to the solution. The reaction 
Was exothermic and the resulting mixture Was stirred 2 h at 
room temperature then treated With HCl (1N) until pH 2. The 
phases Were separated and the aqueous layer Was extracted 
several times With CH2Cl2. The combined organic extracts 
Were dried over (MgSO4) then evaporated. The crude com 
pound Was puri?ed 3 times by ?ash chromatography using 
CHZCl/MeOH (9: 1) as solvent mixture then another puri?ca 
tion using preparative high pressure liquid chromatography 
using reversed phase chromatography With a gradient of 
Water/CH3CN (10-70%) yielding the title compound 12 as a 
White poWder (29 mg, 15%). 

1H NMR (300 MHZ, acetone-d6); 6 9.13 (s, 1H), 8.42 (s, 
1H), 8.08-7.97 (m, 3H), 7.82 (dd, 1H, 1:9 HZ, 1.5 HZ), 7.70 
7.63 (m, 2H), 7.21-7.14 (m, 4H), 3.50 (s, 2H). 

The folloWing compound Was prepared folloWing proce 
dures analogous to those described in Example 1, steps 1-2, 
substituting the indicated sulfonyl chloride and amine indi 
cated for 2-benZothiophenesulfonyl chloride and 3 in step 1, 
folloWed by hydroxamic acid formation using Method D. 

Example 8 

N-Hydroxy- [4 -benZo[b]thiophene-2-sulfonylamino) 
phenyl] -benZamide (13) 

O H 

\\S/N 
\ \\O O 

S 

HO/NH 

Sulfonyl chloride: 2-BenZothiophenesulfonyl chloride 
Amine: Methyl-4-aminobenZoate (2) 
Yield: Step 1: 80% 
Yield: Step 2: 69% 

Step 3: N-Hydroxy-[4-benZo[b]thiophene-2-sulfony 
lamino)-phenyl] -benZamide (13) 
Method D: 
To a solution of 2-[4-benZo[b]thiophene-2-sulfonylamino] 

benZoic acid (300 mg, 0.90 mmol) in DMF (20 mL) at room 
temperature Were added 1-(3-dimethylaminopropyl)-3-eth 
ylcarbodiimide hydrochloride (EDC, 207 mg, 1.08 mmol), 
and 1-HydroxybenZotriaZole hydrate (HOBT, 182 mg, 1.35 
mmol). The mixture Was stirred 20 min. at room temperature 
thenNH2OTHP (1.58 mg, 1.35 mmol) Was added. The result 
ing mixture Was heated at 500 C. for 24 h then stirred at room 
temperature for 24 h. The DMF solvent Was evaporated under 
reduced pressure and the residue Was dissolved in CH2Cl2 
and Washed With brine or a saturated aqueous solution of 
NaHCO3. The combined organic extracts Were dried over 

36 
(MgSO4) then condensed. The crude compound Was puri?ed 
by ?ash chromatography using CH2Cl2/MeOH (9: 1) as sol 
vent mixture. The residue Was then dissolved in methanol (20 
mL) then 10-camphorsulfonic acid (CSA, 100 mg, 0.45 

5 mmol) Was added. The mixture Was stirred 2 h at room tem 
perature then the solvents Were evaporated under reduced 
pressure at room temperature to avoid thermal decomposi 
tion. The crude Was puri?ed by ?ash chromatography using 
CH2Cl2/MeOH (9:1) as solvent mixture. A second puri?ca 
tion Was performed using a preparative high pressure liquid 
chromatography using a gradient of Water/CH3CN (10-85%) 
as solvent giving the title compound 13 as a red solid (212 mg, 

68%). 
1H NMR (300 MHZ, acetone-d6); 6 10.69 (s, 1H), 9.70 (s, 

1H); 8.01-7.97 (m, 3H), 7.77 (d, 2H, 1:9 HZ); 7.55-7.39 (m, 
4H). 

Example 9 

20 
2-[3-BenZo[b]thiopene-2-sulfonylamino)-phenyl]N 

hydroxy-acetamide (14) 

25 o H H 

\\ /N N\ 
S OH 

\ \\ 
O o 

S 
30 

Sulfonyl chloride: 2-BenZothiophenesulfonyl chloride 
Amine: Methyl-3-aminophenyl acetate (1) 

35 Yield: Step 1: 88% 
Yield: Step 2: 89% 
Yield: Step 3: 32% 

1H NMR (300 MHZ, Acetoned6); 6 10.20 (s, 1H), 8.33 (s, 
1H), 7.99-7.95 (m, 3H), 7.53-7.43 (m, 2H), 7.35 (s, 1H), 
7.21-7.17 (m, 2H), 7.067.03 (m, 1H), 3.38 (s, 2H). 

Example 10 

45 2-[4-(3,4-DichlorobenZenesulfonylamino)-phenyl] 
N-hydroxy-acetamide (15) 

50 O H 

\\S/N 
\\ 
O 

Cl 
55 

Cl O IIIH 
OH 

60 Sulfonyl chloride: 3.4-DichlorobenZenesulfonyl chloride 
Yield: Step 1: 80% 
Yield: Step 2: 67% 
Yield: Step 3: 81% 

65 1H NMR (300 MHZ, acetone-d6); 6 10.12 (s, 1H), 9.15 (s, 
1H), 7.92 (s, 1H), 7.74-7.71 (m, 2H), 7.23 (d, 2H, 1:9 HZ), 
7.14 (d, 2H, 1:9 HZ), 3.36 (s, 2H). 










































































































